Purpose of review
This paper reviews recent evidence regarding the validity and reliability of acoustic voice analysis in routine clinical assessments. The current role of jitter and shimmer, the mostused indices, and how their clinical application might be improved are evaluated.
Recent findings
Even though the evidence is limited, acoustic analysis is widely used to assist differential diagnosis, documentation and evaluation of treatment for clinical voice disorders. Recent clinical data have not shown that jitter and shimmer are absolute or independent indices of voice pathology or perceptual hoarseness. However, in pretreatment and posttreatment comparisons within patients, acoustic analysis might have value as an outcome measure. Yet, the true value of clinical acoustic analysis might be masked by the confounding effects due to assessment system, gender, vowel and especially speaking voice intensity.
Summary
The validity of acoustic assessments in clinical applications remains unproven. Measurement reliability is still limited and might be greatly improved with relatively simple changes and consensus in measurement protocols and techniques. For instance, clinical assessment procedures and current normative values would have to be revised considering gender and vowel. Thus, future research might establish the validity and potential of clinical acoustic assessments. minimizes the confounding effects of intentional modulations associated with speech prosody [2, 3, 14] .
Keywords
Using jitter and shimmer as models, we will evaluate the current clinical role of acoustic assessments, and then consider how we might increase the value of acoustic voice analysis in the future.
Why do we measure jitter and shimmer?
Clinical voice assessment is concerned with disease processes that affect the voice. Both jitter and shimmer have been described as objective measures of the biomechanical vibratory properties of the vocal folds [4, 14, 16] , which are considered central to the determination of vocal quality. In measuring pitch and amplitude perturbation, it has been presumed that jitter and shimmer indicate different aspects of perceptual dysphonia [17] [18] [19] [20] [21] ; it is therefore rare that one is cited without the other.
If jitter and shimmer are indeed independently useful measures of vocal dysfunction, we would expect them to have the following properties:
(1) a relation with pathological abnormalities in the larynx;
(2) a relation to the severity of dysphonia;
(3) a relation to the outcome of interventions to treat dysphonia; and (4) independence from other measures of vocal performance.
In this review, we examine these claims, citing research from the past 2 years where possible. We argue that the evidence behind some of the applications is far from robust and that the indiscriminate use of acoustic voice analysis techniques may be misleading.
Jitter and shimmer as indicators of vocal fold pathology
Most vocal fold mass lesions, such as polyps or nodules, can be diagnosed reliably by videolaryngostroboscopy [2, 4, 22] . As vocal fold vibration is impaired, the result is often a dysphonic voice. It has been reported for some years that the presence [23] and perhaps even the extent of laryngeal pathology is attended by increased jitter and shimmer [14, 24] .
However, recent evidence from Pfü etzenreiter and from Shah casts doubt on this relation. In 15 patients with anterior commissure synechia, jitter and shimmer were not associated with the degree of voice function impairment [25 ] . Also, in 40 children with vocal nodules, jitter and shimmer were not related to nodule size [26] .
Nor are the contradictions limited to authors from different centres with different patient groups and different exper-imental methods. Jiang et al. [27] assessed 21 healthy adults, 21 patients with nodules and 39 with polyps. Using Multi-Dimensional Voice Program (MDVP), patients with polyps had significantly higher jitter and shimmer than healthy adults, whereas vocal nodules had no measurable effect on jitter or shimmer. Yet, an analysis by CSpeech on the same voices showed no effect on shimmer for either pathology group, while again there were significant differences for jitter between the normal and polyp groups.
We must conclude that neither jitter nor shimmer has a clearly proven and unambiguous relationship with pathological vocal fold abnormalities or with the degree of impairment to vocal fold vibration.
Jitter and shimmer as indices of voice quality/dysphonia severity
The Grade-Roughness-Breathiness-Asthenia-Strain scale (GRBAS scale) by Hirano is one of the most commonly used clinical perceptual voice assessment schemes [3, 28] . Once again, the link with jitter or shimmer is ambiguous. In some reports, perceptual hoarseness (represented by 'G' of the GRBAS scale) was accompanied by increased jitter or shimmer [14, 16, 18, 20, 21 ]. Yet, Bhuta et al. [29] found no meaningful correlation for any GRBAS parameter with jitter or shimmer in 37 dysphonic patients. Similarly, we recently reported no correlation of perceptual voice rankings with jitter or shimmer [30] .
These are cameos in a much broader picture where the historical and recent evidence is clearly contradictory. In an attempt to explain these anomalies, we present here some unpublished data on the relation of perceptual hoarseness with jitter and shimmer. Thirty-three patients before and after radiotherapy for head-and-neck cancer were recorded while saying a prolonged /i/ for 6 s. GRBAS grade was rated by two voice experts, whereas jitter and shimmer were measured using PRAAT. Results are given in Fig. 1 .
As one would expect, jitter and shimmer are lowest in patients with G0 or G0.5 voices, where one or both raters scored G ¼ 0. In effect, these patients define the normal
Key points
Despite widespread use, the validity of the acoustic analysis parameters jitter and shimmer has not been proven. The reliability of instrumental acoustic voice assessments could be greatly improved with consensus and relatively simple changes in measurement protocols and technique.
In the meantime, acoustic analysis has value as an outcome measure, tracking voice changes in the individual.
range for jitter and shimmer. Equally, some patients rated G1 and G2 have very high jitter or shimmer, and therefore the population mean for jitter (shimmer) is higher than for G0. Nevertheless, in our clinical work we are concerned with the individual. Yet, the majority of pathologic voices have jitter and (especially) shimmer within the range of normal sounding voices.
Further, there is no association of worsening dysphonia with higher jitter or shimmer, which one would expect from useful measures of perceptual dysphonia. One cannot distinguish between G1 and G2 voices on the basis of jitter or shimmer. This might help explain the contradictory evidence in the literature. In our study, we would have reported a moderate correlation (r ¼ 0.25) between shimmer and GRBAS G. But, had we preselected our patients for the evidence of dysphonia (i.e. inclusion criteria of G1 or higher), this correlation would have disappeared (r ¼ 0.03).
We conclude that jitter and shimmer do not accurately or reliably measure perceptual dysphonia per se, and should not be used as an objective surrogate for perceptual dysphonia assessment. Dysphonic voices are most commonly reported in the literature and have the potential for most gain following voice intervention. Ironically, jitter and shimmer measurements seem to be less meaningful in the more dysphonic voices -see above and [1, 31, 32] . We speculate that jitter and shimmer might give clinically useful measurements of subtle changes in mild dysphonia (G1 or below), but as yet we do not understand what jitter and shimmer indicate in these patients and whether it is clinically relevant.
Jitter and shimmer as outcome measures
Over the past 20 years, jitter and shimmer have been frequently used as outcome measures following a variety Jitter and shimmer are normally considered as independent parameters contributing different information about vocal function. Yet, they are known to co-vary [14, 36] , and so the question suggests itself: are jitter and shimmer essentially measuring the same phenomenon? To the best of our knowledge, this has not been investigated in voice patients. Using (for example) the data in Fig. 1 , there is a very strong relationship between jitter and shimmer (Fig. 2, r ¼ 0.63) . These preliminary results should be confirmed by a larger clinical study as this has considerable implications for the use of jitter and shimmer as independent measures of vocal impairment.
Summary
We have questioned the validity of jitter and shimmer in clinical voice measurements. Perhaps our acoustic analyses do not tell us anything very useful about the voice? This is possible, but the evidence from intervention studies suggests otherwise.
Or perhaps the small changes within an individual are dwarfed by much greater differences between individuals? In our opinion, this is possible, and may limit the use of acoustic measures to within-patient study designs.
Or, finally, perhaps our acoustic measures are simply not being applied to best effect? Perhaps it is the variations from one instrument, one researcher or one centre to the next that confound the voice effects we hope to measure.
How can we make better acoustic assessments?
The key to getting the best from any assessment tool is reliability. A reliable method gives the same result irrespective of the examiner or variations in measurement conditions. Yet, despite widespread use, the reliability of acoustic voice analysis is still unsatisfactory [3, 32] . We now consider factors affecting the reliability of jitter and shimmer measurements, and whether these issues can be addressed in the clinic.
Measurement technology
Recommendations for standardized recording conditions include a quiet room (ambient noise <50 dB), a voice recording distance of 3-10 cm or 30 cm and a high-quality microphone [1,2,37]. Of course, optimal technical conditions are costly and not always available; for example, most clinics do not have sound-treated rooms.
However, there are other issues. In a tightly controlled study by Maryn et al., the system used to process the voice recordings affects acoustic measurements by factors ranging from 1.2 to 3.1 [16] . As Boersma wrote in a comment to this work, analysis programmes do not perform equally well in acoustic signals with noise [38] . These researchers agreed that pathology thresholds are simply not transferable between analysis systems [16, 38] .
To evaluate the clinical importance of these effects, they must be assessed in the context of the real changes we hope to detect in our patients. For example, in patients with polyps, shimmer was 1.6-1.8 times higher than in healthy voices [27] . Similarly, Lee et al. [33 ] reported a reduction in jitter and shimmer by factors of 1.5-1.75 after thyroplasty. By comparison, the 1.2-fold to 3.1-fold effect due to the analysis system seems rather large, and we might expect it to have noticeable confounding effects. Indeed, we reported earlier how opposing conclusions were drawn from identical recordings analysed with two different program (MDVP and CSpeech) [27] .
The clinical measurement protocol
In clinical practice, patients are usually instructed to say the vowel /a/, /o/ or /i/ at 'comfortable loudness and pitch' [2, 15] . Factors associated with this protocol have measurable effects on jitter and shimmer, including: the patient's voice intensity (voice SPL) and fundamental frequency (F 0 ), the vowel phonated and the patient's gender [14, 15, 37] . It appears that SPL has the biggest effect; jitter (%) was 0.6% and shimmer (dB) was over 1 dB higher in subjectively soft as compared with loud voice [28] (Fig. 3) .
Recently, we reported the size of these effects in the context of the natural differences between healthy adults that we might expect [39 ] . We used the eta-squared statistic to apportion variance to each factor, eta-squared sums to 100%. A total of 24% of jitter variance was explained by changes in voice SPL, whereas 33% was due to the interpatient differences. For shimmer, 62% of the variance was due to SPL with only 18% due to interpatient differences. The effects due to vowel, gender and F 0 were always considerably smaller, ranging from 0 to 6% [39 ] .
This might help explain the lack of consensus in the literature; for example, gender differences have been 
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The relation of jitter with shimmer in 33 patients with head-and-neck cancer before and after radiotherapy. The analysis is based on the same data as used for Fig. 1 and is plotted on logarithmic scales. described in highly contradictory terms [15, 39 ] . At the same SPL, women and men have comparable jitter and shimmer [40] . But, women produce a lower SPL than men when phonating at 'comfortable loudness and pitch', and consequently record a higher jitter under a typical clinical protocol [15, 41] .
Similarly, some voice therapy approaches aim to make patients speak louder [42] . Thus, improvements in jitter and shimmer might be artefacts of acoustic measurements at a higher voice SPL and not necessarily evidence of an improvement in voice following therapy. This clearly has important clinical and research implications.
Conclusion
We conclude that the confounding effects due to the assessment system, gender and vowel and particularly due to SPL are large compared with the changes we would hope to measure in the voice. Some of these issues cannot be easily addressed; for example, clinics will always have different recording environments. Yet, the reliability of acoustic analysis would improve considerably with some simple changes to the measurement protocol. For example, a consensus on our technical procedures to determine jitter and shimmer would be a first step. In the clinic, we have tentatively suggested using the vowel /a/ at a minimum intensity of 80 dB and taking the mean of six repetitions [39 ,43,44] . However, we believe that an international consensus on these issues will be essential if we are to realize the full potential of acoustic voice measures, or even understand what that potential might be.
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